ABSTRACT -Five typhloplanoids from the Australian East Coast are reported, three of them new to science. Two taxa are members of Promesostomidae: Vauclusia conica n.g. n.sp., characterised by a coneshaped stylet, the presence of a female bursa and a very long, partially-swollen female duct; Brinkmanniella australiensis n.sp. has a funnel-shaped stylet with a smooth distal tip. Pilamonila bimascula n.g. n.sp. is a representative of the Solenopharyngidae, characterised by a stylet within a cirrus. The known species found are Ceratopera axi and Ptychopera scutulifer .
INTRODUCTION
Relatively few free-living platyhelminth species from Australia, excluding Polycladida, have been reported and described. To date, most of the microturbellarians are Proseriata, with 41 species reported and described (Curini-Galletti 1997 , 1998 Curini-Galletti and Cannon, 1995 , 1996a , b, 1997 Martens and Curini-Galletti, 1989; Curini-Galletti et al. , 2002; Faubel and Rohde, 1998) . Also known are four species of Macrostomida (Faubel, Blome and Cannon, 1994; Sluys, 1986) , a single representative of Kalyptorhynchia (the polycystidid Gyratrix hermaphroditus Ehrenberg, 1831, which seems to be a complex of sibling species Puccinelli, 1990, 1998) ), five species of Dalyellioida (of which only one, Luriculus australiensis , is from a marine habitat (Faubel, Rohde and Watson, 1994; Hartenstein and Dwine, 2000; Cannon, 2001, 2002a; Schmarda, 1859) ) and 15 species of Typhloplanoida. Among the latter, ten species are from freshwater habitats (Hochberg and Cannon, 2002a; Kolasa and Schwartz, 1988; Noreña-Janssen and Faubel, 1992; Schmarda, 1859) . The five marine typhloplanoids are: Magnetia queenslandica Cannon, 2002 (see Hochberg and Cannon, 2002b) , and four species of Trigonostomum (Willems et al ., in press ). However, in an ecological study on tropical intertidal sediments Dittman (1991) recognised 108 different species, 16 of which were Typhloplanoida. In this contribution we report on five more typhloplanoids, of which three are new to science and two are known from localities outside Australia ( Ceratopera axi (Riedl, 1954) Den Hartog, 1964 and Ptychopera scutulifer Ehlers and Ax, 1974) , bringing the total number of named marine typhloplanoids to ten for Australia. They have all been found on the East Coast in areas around Townsville, Brisbane (North Stradbroke Island), Sydney and between Byron Bay and Coffs Harbour.
Next to their scientific names according to the Linnean system (and the International Code on Zoological Nomenclature (International Commission on Zoological Nomenclature, 1999)), we also propose a converted name for each species in the phylogenetic system (Phylocode; http:// www.ohio.edu/phylocode) following the system proposed by Artois (2001) .
MATERIAL AND METHODS
The specimens for this study were collected during two separate expeditions: the first in August-September 1996 by Tom Artois and Ernest Schockaert (ES) and the second by ES in SeptemberNovember 1997. The animals were extracted from the sediment or from algae using the MgCl 2 -decantation method (see Schockaert, 1996) , studied alive and whole mounted with lactophenol. Remaining specimens, if any, were fixed in marine Bouin's solution, embedded in paraffin, serially sectioned (4 µ m sections) and stained with Heidenhain's iron haematoxylin, using eosin as a counterstain.
Camera lucida drawings of hard parts were made, using Nomarski interference. Drawings without a scale bar are freehand. Measurements of hard parts are taken axially, unless indicated otherwise. The positions of the gonopore and organs, and the measurements of the pharynx are expressed in percentages of the total body length (distances from the anterior tip of the body).
The type material of the new species will be deposited in the collections of the Queensland Museum, Brisbane, Australia. Voucher specimens of Ceratopera axi (Riedl, 1954) Den Hartog, 1964 from California and the Falklands, were loaned from the Swedish Museum of Natural History in Stockholm (SMNH). A whole mount of Ptychopera scutulifer Ehlers and Ax, 1974 from Somalia is present in the collections of the LUC (Diepenbeek, Belgium). (27/08/1996) in intertidal rockpools.
Abbreviations used in the figures
Known distribution. Gulf of Naples and Sicily (Riedl, 1954) ; Galapagos (Ehlers and Ax, 1974) ; Falkland Islands and California (Karling, 1986) ; Weddell Sea and La Réunion (Artois et al . 2000) .
Material. Observations on live, mature specimens and two whole mounts (one from each new locality). Whole mounts from Falkland and California (collections of SMNH).
Remarks . Following Karling (1986) and Artois et al . (2000) , we consider C. bifida Ehlers and Ax, 1974 a junior synonym of C. axi (Riedl, 1954 ) Den Hartog, 1964 . The stylet of one of the Australian specimens is 70 µ m long (measured along the axis of the stylet; 56 µ m if measured from top to bottom as in Ehlers and Ax, 1974) . The bursal appendage of this specimen is 94 µ m long and splits distally. Neither part could be measured in the second specimen. In comparison with other populations (see Table 1 ), the Australian specimen has the smallest stylet. Known distribution. Galapagos (Ehlers and Ax, 1974) ; Somalia (Schockaert and Martens, 1985) .
Material. Two mature specimens studied alive and mounted (one from each new locality). A whole mount of a specimen from Somalia (collections of LUC).
Remarks. The specimen from Stradbroke Island has a 54 µ m-long stylet (measured axially). The sclerotised part of the afferent female duct (Ehlers and Ax, 1974: ductus spermaticus) between the swollen part (Ehlers and Ax, 1974: receptaculum seminis) and the atrial bursa (Ehlers and Ax, 1974 : bursa copulatrix) is 49 µ m long and is bent over 90 ° . These data correspond with the measurements on specimens from the Galapagos (38-40 µ m-long stylet, axially measured; 23 µ m-long sclerotised part of the afferent duct; Ehlers and Ax, 1974) and from Somalia (45-47 µ m-long stylet; 20 µ m sclerotised part of the afferent duct; Schockaert and Martens, 1985) . On the other hand, the stylet of the Arrawarra specimen measures 98 µ m, while the distal part of the afferent duct is 140 µ m long. Whether these aberrant values represent a fixed difference between populations or are due to individual variability is not yet clear. It is also the only specimen found on algae. We, however, prefer to retain the Arrawarra-specimen within this species until/unless further material should suggest otherwise.
PROMESOSTOMIDAE DEN HARTOG, 1964
Brinkmanniella Luther, 1943 Brinkmanniella australiensis n.sp.
brinkmanniella-australiensis n.sp. (Fig. 1 ) Locality in Australia. Arrawarra (New South Wales): on crustaceous algae on rocks on the beach north of the headland (27/08/1996) (type locality).
Material. One animal studied alive and mounted (holotype).
Etymology . The specific name refers to the species' occurrence in Australia.
Description. The animal is 0.9 mm long (measured on whole mount), pale yellow and has two eyes. The general organisation does not deviate from that of other Brinkmanniellaspecies ( Fig. 1A ; see also Ehlers, 1974; Karling, 1986; Luther, 1943 Luther, , 1948 Marcus, 1951; Schockaert and Martens, 1985) . The stylet (Fig. 1B) is thin-walled, straight and funnelshaped. It is 57 µ m long, and 32 µ m wide proximally and slightly constricted about halfway along its length.
Diagnosis Brinkmanniella australiensis.
Species of Brinkmanniella with straight funnel-shaped stylet of 57 µ m long and proximally 32 µ m wide, constricted halfway along its length and with a smooth distal tip.
Discussion . The representatives of the taxon Brinkmanniella are characterised by the rostral position of the ovaries, the absence of any special female atrial organs, apart from the female duct, and the caudally-situated pharynx. Schockaert and Martens (1985) gave a good overview of the main characters of Brinkmanniella -species. The stylets of B. obtusa Luther, 1943 , B. augusti Marcus, 1951 and B. palmata Karling, 1986 , show "fingers" at the distal opening (Karling, 1986) Material. One individual studied alive and mounted (holotype). Three serially-sectioned specimens (paratypes).
Etymology. The genus name/praenomen refers to the type locality. The specific name emphasizes the overall structure of the copulatory organ. Conicus (Lat.): cone-shaped.
Description. The slender animal is ± 1.4 mm long (measured on the whole mount), without eyes. The cellular epidermis is ± 3.5 µm thick, with cilia of 3 µm long. The basement membrane is ± 1 µm thick. At the rostral end of the body, two types of large rhabdite glands are present. The first type, situated at the periphery of the glandular mass, produces large, basophilic rhabdites of 8.5-10.5 µm long. The glands in the centre produce eosinophilic rhabdites of the same size, but less densely packed within the cell bodies. All glands end at the rostral body tip, the basophilic ones stretching to the testes, the eosinophilic ones not further than the brain. There are also glands in the caudal body region (Fig. 2E: cg) , opening ventrally behind the gonopore and producing large, basophilic rhabdites.
The mouth is situated at ± 65% and can be closed by a strong sphincter. The prepharyngeal cavity is lined with a low, nucleated epithelium and surrounded by only longitudinal muscles. The distal rim of the pharynx is lined with a very low epithelium, with a thick basement membrane and cilia ( Fig. 2C: cil) . The pharynx lumen (Fig. 2C: pl) is lined with a low, anucleated epithelium. The epithelium of the proximal pharyngeal rim is degenerated, leaving only a thick pseudocuticula. The inner circular muscles are thicker near the proximal and distal ends of the bulb. The exact number of internal longitudinal muscles could not be determined. There are two types of eosinophilic pharyngeal glands, one coarse-grained and one fine-grained. They open into the lumen somewhat proximally from the distal sphincter, with the fine-grained ones most distally. In one of the sectioned specimens a third, basophilic gland could be observed. However, the exact location and the place of discharge could not be determined. The external pharyngeal muscle layers consisting of an inner circular (Fig. 2C: ecm) and an outer longitudinal one (Fig. 2C: elm) , are rather weak.
The common genital pore is situated at ± 80%. The common genital atrium is lined with a high, anucleated epithelium and surrounded by an inner longitudinal and an outer circular muscle layer. Although the live specimen (Fig.  2D ) apparently only showed one testis, there are clearly two testes in the sectioned specimens. The testes are situated ventrally just in front of the pharynx, at both sides of the body. The vasa deferentia are clearly visible in the sectioned specimens.
The paired seminal vesicles (only one observed in the live specimen; Fig. 2A ) are lined with a low, nucleated epithelium. They continue towards the prostate vesicle, fusing when entering the prostate vesicle. The prostate vesicle ( Fig. 2A: vg) is surrounded by a layer of longitudinal muscles, and contains fine-grained ( Fig. 2E: gg2 ) and coarsegrained eosinophilic glands (Fig. 2E: gg1) , the fine-grained glands located in the centre of the bulb. All glands are entirely intracapsular. The stylet (Fig 2B) , connected to the prostate vesicle, fills almost the entire male atrium. This stylet is cone-shaped, 29 µm long, 17 µm wide proximally and 5 µm wide distally. The exact structure of the stylet could not be determined, but probably consists of about eight elongated and spirally-running bars (or ridges), which show some striation. The male atrium (Fig. 2E: ma) enters the common genital atrium from the rostral side. It is lined with the same epithelium and surrounded by the same muscle layers as the common genital atrium, only the muscle layers have changed position, revealing an inner circular and an outer longitudinal muscle layer.
The ovoid ovaries are situated caudally from the gonopore. They form the distal part of the ovovitellaria. The female duct (Fig. 2E: fd) is long and enters the common genital atrium at the caudal side. It is lined with a high, anucleated epithelium and surrounded by strong circular muscles. Distally it is swollen and contains many sperm (Fig. 2E: y) . This part is lined with a nucleated epithelium. Proximally the female duct ends in the female bursa (Fig. 2E: fb) . It receives both oviducts somewhat distally from the bursal entrance. The part of the female duct between the bursa and the oviducts ("bursal stalk") is surrounded by circular muscles. The oviducts are rather short and lined with a low anucleated epithelium. A large bundle of coarse-grained eosinophilic glands (Fig. 2E: fg) Discussion. The combination of paired, solid testes, paired ovovitellaria, lack of a second connection of the female gonads with the exterior and the presence of only one genital pore are diagnostic features of the Promesostomidae (see Den Hartog, 1964) . The new species fits into this diagnosis. Its possible relationships within this taxon are less clear. The fact that the ovaries in V. conica are not separated from the vitellaria, and the shortness of its male genital atrium exclude it from the present taxa Adenorhynchinae Ax and Heller, 1970 and Promesostominae Luther, 1948 . However it shares some characters with this last taxon such as the presence of a terminal female bursa and terminal female glands. The connection of the ovaries with the vitellaria (ovovitellaria) also suggests a relationship with members of the Brinkmanniellinae Luther, 1948 . Both in the members of the Adenorhynchinae and the Brinkmanniellinae the male atrium is very short. The relative values of all these characters can only be assessed by a detailed cladistic analysis including many more 'Typhloplanoida'. Therefore, we refrain from allocating V. conica to any of the subtaxa within the Promesostomidae.
SOLENOPHARYNGIDAE GRAFF, 1882
Pilamonila bimascula n.g. n.sp. pilamonila-bimascula n.sp. (Figs 3-4 ) Locality in Australia. Arrawarra (New South Wales): south of the headland, on Sargassum-like algae in a large permanent pool and on algae in a permanent pool in front of the marine station, lower eulittoral (27/08/1996) (type locality).
Material. Three mature animals studied alive and mounted (one designated holotype, the others paratypes) and three sectioned specimens (designated paratypes).
Etymology. The genus name/praenomen refers to the chain of globular structures in the female system. Pila (Lat.): ball. Monile (Lat.): necklace. The specific name emphasizes the presence of a stylet and an armed cirrus. Bis (Lat.): twice. Masculus (Lat.): manly.
Description. The animal is 0.4-0.5 mm long (measured on whole mount), with two eyes. The body is whitish with black to yellow-brown spots when observed under incident light, pale brown, and opaque when observed with transmitted light. The syncytial epidermis is 3 µm thick with cilia of 3 µm long. The basement membrane is ± 1 µm thick. Rhabdites are very small and equally distributed over the whole epidermis.
The elongated pharynx (Figs 3A: ph, 4C) is situated in the first body half with the mouth at ± 65% (on sections). It is inclined towards the rostral body end. A narrow duct connects the mouth with the deep prepharyngeal cavity (Fig.   Fig. 3 . Pilamonila bimascula n.g. n.sp. -A. General organisation (from a live specimen). -B. Inverted cirrus (from a live specimen). -C. Everted cirrus and stylet (from the holotype). -D. Male genital system (reconstruction on sagittal sections). -E. Reconstruction of the atrial organs from the right side.
4C: pc). This duct is lined with a low, anucleated epithelium and surrounded by strong circular muscles. At the transition of this duct with the prepharyngeal cavity the epithelium is much higher and shows some nuclei. The prepharyngeal cavity is lined with a low, nucleated epithelium and surrounded by longitudinal muscles. The distal pharyngeal rim has no cilia. The pharynx is surrounded by an outer longitudinal and an inner circular muscle layer. The former is, at least in the proximal part of the pharynx, arranged in six bundles forming a six-pointed star (Fig. 4B) . Each "point of the star" contains four longitudinal fibres, showing a total of 24 external longitudinal muscles. The internal muscles consist of weak radial muscles (Fig. 4C: rm) , a circular ( Fig. 4C : icm) and a longitudinal layer (Fig. 4C: ilm) . There are eight inner longitudinal and 16 radial muscle fibres (Fig. 4A) . The epithelium of the lumen has degenerated to a pseudociliation. The pharynx contains coarse-grained eosinophilic glands and some coarse-grained basophilic glands. The latter enter the pharynx proximally, and thus have an extrapharyngeal part. The exact place where both types of glands open into the lumen could not be determined, but must be close to the distal end of the pharynx.
The common genital pore lies at 70%, just behind the mouth, and can be closed by a sphincter. The common genital atrium is lined with a high, anucleated epithelium and is surrounded by an inner circular and an outer longitudinal muscle layer.
The paired and elongated testes lie ventrally of the prostate vesicle, just behind the pharynx. The vasa deferentia are short, and connect the testes with the intracapsular seminal vesicle (Fig. 3E: vs) . This vesicle fills almost the entire proximal part of the copulatory bulb, and narrows distally to the ejaculatory duct ( Fig. 3D: de) . The ejaculatory duct runs centrally through prostate glands. It is lined with an anucleated, membranous epithelium, surrounded by weak circular muscles and connected to a small, tubiform stylet ( Fig. 3C -E: s). There are basophilic ( Fig. 3D : gg1) and eosinophilic ( Fig. 3D: gg2) prostate glands, situated in the most distal part of the prostate vesicle and discharging their contents through the stylet. This stylet is 12-19 µm long and 4-5 µm wide (in the holotype: 19 µm and 4 µm respectively). It was visible in only two of the three whole mounts, but in all sectioned specimens. The copulatory bulb is surrounded by a circular muscle layer. From the stylet two groups of muscle fibers run obliquely through the copulatory bulb. The dorsal group attaches to the wall of the copulatory bulb in its proximal part (Fig. 3D: lm1) , the ventral group in its distal part ( Fig. 3D: lm2) . The stylet lies in a cirrus, which bears small spines (1-2 µm) in its proximal part and large spines (5-8 µm) distally. Both parts are separated by a sphincter, and in the sectioned individuals the distal part of the cirrus was everted, and when completely everted (as in two of the whole mounts; Fig. 3C ) the stylet appears at the end of the cirrus. The cirrus is lined with a low, membraneous, anucleated epithelium, as also is the male atrium. Only at the transition between the male atrium and the spiny cirrus is the epithelium hardened, and this forms a 'cap' at the end of the cirrus when it is completely inverted (Fig. 3B) . The female duct ( Fig. 3E : fd) enters the common genital atrium dorsally. It is lined with a low, anucleated epithelium and surrounded by circular muscles. Proximally the female duct widens and is filled with sperm. It bifurcates towards the ovaries and these insemination ducts (Fig. 3E: id) are swollen and also filled with sperm. Both ovaries have a second connection (Fig. 3E: od) to the swollen part of the female duct. These ducts receive the vitelloducts (Fig. 3E:  vd) and are therefore to be considered the oviducts. In the middle of the oviducts a sclerotized ring appears (Fig. 3E:  z) . The bursa (Fig. 3E: fb) lies above the female duct. This large, globular bursa is also connected to the swollen part of the female duct by a short, very narrow canal, surrounded by circular muscles (Fig. 3E: bs) . A uterus is lacking.
Diagnoses Pilamonila. Solenopharyngidae with the mouth situated at 2/3 of the body. Pharynx elongated, with welldeveloped basophilic glands proximally. Testes paired. Large internal seminal vesicle. Male copulatory organ consists of a spiny cirrus and a simple tubiform stylet within the cirrus. Ovaries paired. Large female bursa with muscular bursal stalk. Double connection between ovaries and female duct: swollen spermatic ducts filled with sperm, and narrow oviducts, halfway surrounded by a thickened sclerotised ring. Type species: P. bimascula. Pilamonila bimascula. Provisionally with the same diagnosis as the genus. Stylet ± 15 µm long, cirrus with small proximal spines (1-2 µm) and large distal spines (5-8 µm).
Discussion. Based on the ventrocaudally-oriented, elongated pharynx, strongly-developed extrapharyngeal glands, the caudally-situated mouth, the presence of a common genital pore, paired testes, unpaired seminal vesicle, intracapsular prostate glands, the presence of a cirrus and paired vitellaria, this species is placed within the Solenopharyngidae Graff, 1882 (see Ehlers, 1972) . The general structure of the male copulatory organ does not seem to deviate from that of other solenopharyngids, except for the presence of a sclerotised structure at the end of the ejaculatory duct. This hard part is a 'real' single-walled stylet in contrast with the sclerotised lining of the ejaculatory duct as in Proceropharynx litoralis Ehlers, 1972 and Lenopharynx tubatus Schockaert and Martens, 1985 (see Schockaert and Martens, 1985 . The paired ovaries of P. bimascula suggest a placement within the subfamily Lenopharynginae Ehlers, 1972 . However, the organisation of the female system with the double connection between the ovaries and the female duct is completely aberrant from that in all other representatives of the Solenopharyngidae. At the moment we refrain from speculation about the relationships of P. bimascula within the Solenopharyngidae and placement in any of the subfamilies recognised by Ehlers (1972) .
